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This invention relates to metallic elements and more par- 
ticularly to composites formed by integrating a sintered metal 
element to a base or solid sheet metal. 

Heretofore, composites formed from a sintered porous body 
and a solid metal backing sheet have been fabricated by de- 
positing a mass of metal aggregate on a solid sheet metal 
element, and subjecting the assembly to elevated temperatures 
sufficient to sinter the metal particles to each other and to 
the backing sheet. Briefly, it has now been discovered that a 

more efficient bond of greater strength can be obtained between 

i 

the porous body and the solid backing sheet by effecting the 
bond therebetween by means of conventional pressure welding 

techniques such as, for example, between mill rolls. Preser- 

i 

vation and control of the interstices and porosity of the porous 
body is obtained by means of liquid soluble filler material 
infiltrated or otherwise deposited within the interstices of 
the porous body. Hiis filler material comprises a substance 
f lowable with the porous body under applied pressures permitting 
control of the porosity of the composite in direct relation 
with the size and quantity of the filler material employed. 
Subsequent to the welding operation this filler material is 
then readily removed by leaching with a suitable solvent there- 
fore. 

Accordingly, it is an object of this invention to provide 
a novel process for making a composite having a porous body 
metallurgically integrated to a solid sheet metal backing 
member. 

It is a further object of this invention to provide a novel 
process for obtaining a metallurgical bond of greater efficiency 
and strength between a porous metal body and a solid sheet metal 
backing member. 
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Other objects and advantages of this invention will become 
more apparent from the following description and drawings in which 

Figure 1 is a perspective view partly in section illustrating 
one embodiment of this invention; 

Figure 2 is an elevational view illustrating a subse- 
quent processing of the embodiment shown in Figure 1; 

Figure 3 Is a perspective view partly in section illus- 
trating another embodiment of this invention; 

Figure ^ is a sectional view in perspective illustrating 
a subsequent processing step of the embodiment shown in 
Figure 3; and 

Figure 5 is an elevational view in cross- section illus- 
trating an additional processing step of the embodiment shown 
in Figure 3. 

Referring to the drawings, Figure 1 shows a sheet- like 
porous body 1 superimposed on a solid sheet metal backing 
element 2 representing the components to be fabricated into the 
desired composite. The porous body 1 may comprise any metal 
aggregate conventionally produced by sintering processes, as. 
for example, aluminum, copper, nickel and alloys thereof, 
stainless steels, various ferrous alloys and other like 
material. For purposes of this invention the porous body may 
comprise a mass of metal particles suitably sintered into the 
desired form, or the porous body may comprise a metal aggre- 
gate compressed into sufficient rigidity for subsequent mani- 
pulation in the processing required therefor. However, in 
accordance with this invention the interstices of the porous 
body are infiltrated with or have suitably deposited therein 
a filler material capable of flowing with the porous body 
under applied pressures encountered in various pressure welding 

■ !■ 

3 
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techniques or operations. Various liquid soluble materials may 
be employed herein, for example , the filler material may com- 
prise sodium chloride or anhydrous trisodium phosphate or 
other like material capable of flowing with the porous body 
during the subsequent welding operations. 

Various methods may be utilized in disposing the filler 
material in the interstices of the porous body, for example, 
metal particles weldable to the solid backing member component 2 
may be mixed with particulate filler material of the size cor- 
responding to the porosity desired in the ultimate structure. 
Thereafter, the mixture of metal aggregate and filler material 
may be compacted by compression and the like,, to a rigidity 
permitting manipulation during subsequent processing, or the 
compacted mixture may be subjected to elevated temperatures 
sufficient to sinter the metal particles to each other thus 
forming an impermeable structure comprised, in substance, of a 
porous body having its interstices infiltrated with the filler 
material. In an alternate manner, with reference to aluminum 
aggregate containing filler material comprised of sodium chlo- 
ride, the filler material may be provided by direct deposition 
from solution. This alternate method takes advantage of the 
differences in solubility of the filler material at different 
temperatures, for example, sodium chloride has a solubility of 
36 grains per lOOcc of water at 20°C. and/or 39-8 grams per lOOcc 
of water at 100°C. In practice, in accordance with this method, 
a solution of sodium chloride filler material is formed at a 
high temperature, as for example 100°C, and the aluminum aggre- 
gate permeated with the solution. During the course in cooling 
of this solution in contact with the metal aggregate, the solu- 
bility of sodium chloride will decrease, and the salt as a 

4 
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result will precipitate upon the metal aggregate. Thus, for 
example, with sodium chloride, 3.8 grams of this filler mater- 
ial becomes available to precipitate for every lOOcc of the 
solvent. Anhydrous trisodium phosphate may also be formed as 
a filler material in like manner and is particularly preferred 
for application with metal aggregates that require substantially 
higher sintering and/or hot rolling temperatures, as for example, 
copper. For purposes of illustrating utilizations of anhydrous 
trisodium phosphate, it is noted that since it has a solubility 
of 108 grams per lOOcc of water at 100°C. and 11 grams per lOOcc 
of water at ambient temperatures (20*C), cooling of the solu- 
tion precipitates 97 grams of the salt per lOOcc of solution 
which becomes available for precipitation on the metal aggre- 
gate. In the foregoing methods of depositing filler material 
upon Mtal aggregate from solution, the resultant composite of 
aggregate and filler material may then be dried and bonded to 
a backing sheet under pressure. 

After superlmposition of the porous body 1 on the solid 
ahaat metal backing member 2, the assmebly may then be secured 
against separation and then suitably pressure welded together 
at their adjacent faces. One well-known method for welding the 
tltaenU together is by conventional hot rolling techniques in - 
which the elements, of the assembly, are first heated and passed 
b«tw«-en mill rolls 3, between which they are reduced in thick- 
rv?»» and elongated in the direction of rolling to form the com- 
posite %. Thereafter the composite is then soaked in the solvent 
of the filler material for sufficient time to leach it from the 
Interstices of the porous component of the composite. 

Specifically in reference to the foregoing, in one example, 
1100 aluminum alloy aggregate of -35+60 mesh diameter was 
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admixed with approximately 30^ by weight of - 35+100 mesh diameter 
sodium chloride, the mixture was suitably compacted at a pressure 
of 5 tons per square inch into a 0.125 inch thick sheet. There- 
after, this sheet-like body was superimposed on a 0.125 inch 
thick sheet of 1100 aluminum alloy, the assembly pressure welded 
at a 65^ reduction between a pair of mill rolls. The pressure 
welded assembly was then soaked in a water bath until essentially 
all the sodium chloride was dissolved from the interstices con- 
tained within the porous body of the resultant composite. 

In a modification of this invention, the porous component 1 
and the solid sheet metal backing member 2 may have interposed 
between them a pattern of stop- we Id material 5 applied in a 
design corresponding to a desired system of fluid channels. 
Upon assembly, the components 1 and 2 are pressure welded to- 
gether, as with the preceding embodiment, between a pair of 
mill rolls in the areas between the components not separated by 
the stop-weid material. Although any suitable we Id- inhibiting 
material may be employed to prevent unification" in the areas 
between the components coated therewith, the aforede scribed 
sodium chloride and anhydrous trisodium phosphate may also be 
utilized with advantage in this midif i cat ion. For use of these 
salts a paste thereof may be prepared of suitable consistency to 
permit its coating on backing member 2 in the pattern desired. 

After the welding operation, the resultant composite 6 has 
a nozzle receiving strip 7 forced open, a nozzle 8 is then in- 
serted into the resultant orifice and the resultant structure Is 
distended by injecting into the unwelded areas between the com- 
ponents defined by the pattern of stop-weld material a fluid 
under sufficient pressure to form the desired fluid channels 9. 
The fluid pressure is injected at a rate insufficient to destroy 

6 
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I the impermeable barrier formed by the presence of the filler 

material within the Interstices of the porous component, thus 
permitting the distention of the solid component, in the com- 
posite, opposite the stop-weld material, into a system of fluid 
channels 9 of desired configuration. The expansion of the com- 
posite may be accomplished by any conventional method, as for 
example, the composite may be expanded after being clamped be- 
tween dies recessed in portions conforming to the configuration 
of the unwelded areas of the composite, or between spaced-apart 
flat platens. If the composite is expanded between dies, the re 
sultant fluid channels may be given any desired configuration. 
Further, the composite may also be expanded without restraint 
in which case the fluid channels 9 will be of rounded configur- 
ation. As with the preceding embodiment, after distention the 
resultant composite may then be soaked by immersion in a 
solvent 10. 

Although the* Invention has been described With reference 
to specific embodiments, materials and details, various modi- 
fications and changes within the scope of this Invention will 
be apparent to one skilled in the art and are comtemplated to 
be embraced within the Invention. 
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The claims defining the invention are as follows: 



1. A method of making a composite structure characterized 
by providing a sinterable flat sheet- like body of metal aggre- 
gate having interstices thereof filled with a liquid- soluble 
filler material flowable with said body under pressure, forming 
an assembly by superimposing said body on a solid flat sheet of 
metal, rolling said assembly under pressure between a pair of 
mill rolls at a temperature and reduction sufficient to cause 
the metal aggregate of said body to weld together and to s£Lid 
sheet to thereby form said composite, and leaching said filler 
material from said composite with said liquid.^ j ^y jggg 

2. The method according to claim 1 characterized "by said 
filler material comprising sodium chloride or anhydrous tr±- 
sodluA phosphate, and said liquid is water. ^ y ^ggg 

3. A method according to claim 1 characterized by said 
chcet-like body being sufficiently rigid for manipulation thereof.. 

4. A method according to claim 1 characterized by the 
liquid- soluble filler forming a fluid impervious barrier in said 
body, forming an assembly by superimposing said body on a solid 
flat sheet of metal with a pattern of stop-weld material inter- 
posed therebetween in a design corresponding to a desired 
system of fluid channels, rolling said assembly under pressure 
b^tw^en a pair of mill rolls at a temperature and reduction suf- 
ficient to cause the metal aggregate of said body to weld together, 
and to said sheet in the areas therebetween not separated by said 
stcp-veld material to thereby form said composite, injecting in- 
to the unwelded areas between said body and said sheet defined 

by said at op -we Id material a fluid under sufficient pressure to 
( !l3ter*l said sheet in the portions thereof opposite said stop- 

8 
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weld material into said system of fluid channels with said 
fluid being injected at a rate insufficient to destroy said 
barrier, and leaching said filler material from said composite 
with said liquid. ^^ ^ 

5. A method of making a composite structure characterized 

by providing a sintered flat sheet-like body of metal aggregate 

having the interstices thereof filled with a liquid- soluble 

filler material flowable with said body under pressure with said 

* 

filler forming a fluid impervious barrier in said body, forming 
an assembly by superimposing said body on a solid flat sheet of 
metal with a pattern of stop-weld material interposed there- 
between in a design corresponding to a desired system of fluid 
channels, rolling said assembly under pressure between a pair 
of mill rolls at a temperature and reduction sufficient to 
cause said body to weld to said sheet in the areas therebetween 
not separated by said stop-weld material to thereby form said 
composite, injecting into the unwelded areas between said body 
and said sheet defined by said stop-weld material a fluid under 
sufficient pressure to distend said sheet in the portions thereof 
opposite said stop-weld material into said system of fluid chan- 
nels with said fluid being injected at a rate insufficient to 
destroy said barrier, and leaching said filler material from 
said composite with said liquid . f 7 Hfty jggg 

6, The method substantially as hereinbefore described* 

DATED this lUth day of MAY, A.D. 1965 



EMERY IMR3 VALYI, 

By his patent Attorneys - 
PHILLIPS GPHOHDE Legists IER & 
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